An increasing number of viruses have been found in man (Huebner, 1959) and, hence, have the potential of being part of sewage-polluted waters. Coxsackievirus, poliovirus, and other viruses have been isolated from sewage. Several epidemics and a number of lesser viral diseases have been attributed to water-borne virus (Clarke and Chang, 1959;  Mosley, 1963; Weibel et al., 1964) . The density of enteric virus in sewage has been indicated as between 20 and 400 units per 100 ml, depending upon the season of the year and the temperature of the sewage (Kelly and Sanderson, 1960) . Clarke et al. (1964) recently summarized the survival and removability of enteric viruses in water and wastewater.
Virological techniques have not been developed to a point where virus enumeration can be recommended as a routine procedure in the microbiological examination of waters. The gauze-pad technique, shown by Melnick et al. (1954) to be superior to grab samples, is the technique currently used to detect viruses in waters suspected of pollution (Wiley et al., 1962) . The gauze-pad technique has provided invaluable information on the occurrence of relative numbers of viruses in wastewaters. However, very little is known about the seasonal variations in virus concentration and occurrence in a community, and about the virus pollution in wastewater treatment plant effluents and its effect upon downstream users of such waters.
As new epidemiological and diagnostic techniques are developed, it is quite probable that even greater occurrences of disease may be traced to water-borne viruses. To maintain the production of high-quality potable water at water treatment plants and to prevent the transmission of water-borne viruses, the virological quality of wastewater and treated waters should be monitored on a regular basis. Because of the equipment and experience necessary, the gauze-pad technique is not a technique that can be used routinely by health agencies or water treatment personnel to monitor potable and wastewaters.
Although many pathogenic bacteria are present in polluted waters, no attempt is made to assess the bacteriological quality of such water by determining the concentration of specific pathogens. Instead, indicator organisms, the coliform group, are used to evaluate the bacteriological quality of water. Since the coliform organism can be used to measure the bacteriological quality of water, the viruses of these bacteria, the coliphage, may be able to be used to measure the virological quality of water. In experiments with the coliphage as a pollution indicator (Committee on Public Health Activities, 1961), the phage content of well waters was found to be much higher in summer than in winter, increased after periods of rain, and higher in wells liable to contamination by surface water. Gildermiester and Watanabe (1932) Adams (1959) was used to determine the titer of the phage. Tryptose Phosphate Broth was used in place of nutrient broth and was used to maintain and dilute the stock phage solutions.
Filtration method. Techniques for virus detection and enumeration rely upon the fact that the virus will adsorb onto a suitable host and, during incubation, will produce cytopathic changes or plaques depending upon the virus and host in question. The filtration method developed in the Environmental Health Engineering Laboratory also relies upon adsorption. Dilute T2 phage solutions were mixed with E. coli B solutions. Samples of this mixture were filtered through sterile membrane filters (Millipore). After filtration, the filter was removed, placed in a sterile disposable petri dish on an absorbent pad previously saturated with M-Endo Broth (Difco), inverted, and incubated at 37 C. After 24 hr, the resultant plaques were counted, and the titer of the phage solution was calculated.
Comparison. The filtration technique was evaluated by comparing the results obtained with it and with the soft-agar technique of Adams (1959) . The comparison of the methods was done by calculating the apparent titer of the stock phage solution used in the tests. This approach was necessary since different phage dilutions were used with each technique.
RESULTS
Effect of bacterial host. The age of the host bacterial culture affects the ability of the filtration method to detect the phage (Fig. 1) . A broth solution of E. coli B was prepared and incubated at 37 C for up to 12 hr prior to use in the filtration method before any resultant decrease in titer was observed. A 1-to 2-hr bacterial growth period was used in all experiments to keep the overall time requirements to a minimum.
The optimal quantity of bacteria in a filtered sample was about 109 to 1010 bacteria. Examination of the filtrate. The results in Table  1 indicate that the filtration method is not as accurate as the soft-agar method. These lower titers could result if inactivation of the phage occurred during the filtration step or if some of the phage did not adsorb onto the bacteria and passed through the filter with the filtrate. The latter possibility was shown to be the more probable when samples of the filtrate were tested for the phage ( Table 2 ). The sum of the results of the soft-agar method after filtration (1.6 X 1010) and the filtration method before filtration (0.37 X 1010) are close enough to the results of the soft-agar method before filtration (2.8 X 1010) to infer that inactivation of the phage was not the major cause of the low results obtained with the filtration method.
Effect of phage concentration.. The soft-agar method can not be used to determine the phage titer when phage are present in low concentration. A sample volume of 0.1 ml is used in this method. Therefore, the lower limit of detection with the soft-agar method is 1 phage per 0.1 ml or 10 phage per ml. The filtration method does not have 1007 VOL. 13, 1965 on September 5, 2017 by guest http://aem.asm.org/ Downloaded from this drawback. Any volume of a mixture of E. coli B and the phage can be filtered in an effort to obtain sufficient plaques to establish the phage concentration. Sample volumes of 10, 20, 50, and 100 ml routinely have been used in our laboratory. When different sample volumes are filtered, care must be taken to have sufficient but not excessive amounts of bacteria in the sample. The filtration method can determine phage in a concentration of at least 1 phage per 100 ml.
DIscussIoN
When bacterial and phage growth are not inhibited and when there are sufficient but not excessive amounts of bacteria on the filter, the filtration method can be used for the detection and enumeration of the phage. Figure 4 illustrates typical plaques obtained by the filtration method. The dark background is a continuous layer of E. coli B. The light spots are plaques formed by the T2 phage. In calculating the titer of the stock phage solution, it was assumed that each plaque originated from only one phage particle.
Discrete plaques occur when the phage adsorb onto growing cells, invade, reproduce, and cause cell lysis. Inoculation of E. coli B from a stock slant into Tryptose Phosphate Broth, followed by incubation from 1 to 12 hr, provides sufficient growing bacteria for the filtration and soft-agar methods. Incubation of the bacteria for longer than the above period increases the proportion of dead bacteria to which the phage could also adsorb, thus decreasing the phage titer. The results shown in Fig. 1 are similar to those observed by Delbriick (1940) , who found that the physiological state of the host bacteria will significantly affect resultant numbers of plaques formed.
The latent period is a function of temperature of the phage-bacterial solution as well as of the physiological age of the bacteria (Delbruick, 1940; Ellis and Delbriuck, 1939) . Phage growth curves at different temperatures and with hosts of different physiological ages have been shown to be qualitatively the same but quantitatively quite different.
Under optimal cultural conditions, the minimal latent period for the T2 phage has been reported to be about 21 min (Luria, 1953) . The results of experiments reported herein (Fig. 2) are comparable to those obtained by Ellis and Delbriick (1939) at similar temperatures. The latent period is longer when the phage-bacteria mixture is held at lower temperatures. The data in Fig. 3 indicate that the latent period of the T2 phage in these experiments was at least 45 min. This is an advantage for the analyst using either method since it allows ample time for mixing and sampling.
The soft-agar method is more accurate than the filtration method (Table 1 ). In the soft-agar method the entire contents of a 0.1-ml sample are added to a concentrated E. coli B solution and plated. Therefore, all phage particles, whether or not they are immediately adsorbed, have the opportunity to adsorb, reproduce, and be represented by a plaque. In the filtration method, only those phage particles that are adsorbed onto the bacteria remain on the membrane filter and create a plaque. Unadsorbed phage pass through the filter with the filtrate. The inorganic and organic compounds that are present in the liquid greatly influence the adsorption of the phage to bacteria. Tryptose Phosphate Broth was used in these phage experiments as dilution and maintenance media because it contains the optimal concentration of organic and inorganic cofactors. The filtration method is applicable to solutions which contain low concentrations of phage since any quantity of solution can be filtered to obtain sufficient plaque counts. With this method, a quantity of a 1-hr culture of E. coli B is added to a solution containing the phage and is mixed; suitable samples are then filtered through a membrane filter. After filtration, the filter is placed on an absorbent pad previously saturated with M-Endo Broth and incubated at 37 C. After 24 hr, the resultant plaques are counted and, since the volume that was filtered is known, the phage concentration can be estimated. The quantity of E. coli B added to the phage solution should be enough so that the sample taken for assay will contain about 109 to 1010 bacteria.
Because the filtration method requires only equipment normally available in a bacteriological laboratory, and because the method is simple, does not require a highly skilled technician, and can be done in a short period of time, the filtration method appears to have significant potential as a routine procedure for the examination of waters for bacteriophage. The 
